ABSTRACT A case-control study was performed on the incident cases of nasal cavity tumours which occurred between 1968 and 1982 among the residents of Vigevano (Lombardy region, northern Italy). This area is characterised by a high prevalence of shoemakers (especially in leather); the activity has predominated in Vigevano since the beginning of this century. Twenty one cases were identified (16 men and five women); 20 were histologically confirmed as nasal epithelial tumours; 17 had already died at the time of interview and the occupational history was obtained from the next of kin. Two controls per case were selected from the general population and matched by vital status, age, sex, and residence. The overall odds ratio for the subjects exposed to leather dust was 47-1 for men and 3-5 for women. The odds ratio was higher for adenocarcinoma and among the workers exposed to the worst working conditions. A significant trend for the level of exposure to leather dust was found. Nevertheless, even the jobs characterised by a relatively low exposure were found to have a significantly higher risk (OR = 7.5). Smoking habits and exposure to solvents are unlikely to confound the relation between exposure to leather and nasal tumours.
Two studies conducted in Europe have provided evidence for an association between leather shoe and boot manufacture and epithelial nasal and paranasal tumours (especially adenocarcinomas.)12 The excess risk occurs mainly among workers exposed to dusty jobs such as sole and heel trimming, bottom scouring, and finishing. Prolonged exposure and long latent periods have generally been observed. Similar observations have also been made for exposure to wood dust.3 To provide further evidence, a case-control study of nasal and paranasal tumours was conducted in the city of Vigevano, 30 km (18 miles) from Milan in northern Italy.
The Italian shoe and boot manufacturing industry began to develop in Vigevano in 1876 and in 1911 leather shoe production was the highest in Italy. Military demand during the Lybic war and the first world war caused a great increase in production. In 1927 an important rubber shoe production began and between 1945 and 1965 further expansion, mainly directed towards foreign markets, took place. In this Accepted 27 June 1985 period shoe manufacture was the town's main economical activity and table 1 shows the number of employees engaged in shoe manufacture in the census years from 1911 to 1981; the total population of Vigevano was 27 746 in 191 1 and 65 228 in 1981.' In Vigevano leather was used only to make shoes, no other leather goods were manufactured. Leather was tanned elsewhere but since the 1920s most of the machinery for shoe manufacture has been produced locally. Production was located in small factories and at home and many cases of benzene leukaemia and solvent neuropathy have been reported among the shoe makers.56
Material and methods
The cases were all the incident malignant tumours of the nasal cavity and paranasal sinuses occurring among the residents of Vigevano between 1968 and 1982. The sources of cases were inpatient and outpatient records from the otolaryngology departments of the local hospital and two nearby hospitals at Abbiategrasso and Pavia (15 cases), the hospital can- No ofemployees perfactory   1911  1205  1271  2476  191  0:95  12 9  1921  3026  2752  5814  448  1:09  12-9  1931  3989  3920  7909  540  1:01  14-6  1951  4687  3667  8354  872  1:28  9-6  1961  6992  7043  14035  834  0:99  16-8  1971  3434  5215  8649  591  0:66  14 6  1981   --7780  666   -11-7 cer registry of the National Cancer Institute of Milan (2 cases), and the mortality records of the city (2 cases). Two additional cases were identified through the practising otolaryngologists of Vigevano.
To evaluate the completeness of patient retrieval, we examined the list of all residents of Vigevano discharged from the hospitals of the Lombardy region (in which Vigevano lies) through the hospital discharge reporting system, active since 1976, but no additional cases were traced. A total of 21 incident cases (16 men, 5 women) was identified, 20 of which were histologically confirmed; for 14 cases it was possible to trace the original slides or unstained sections for histological review. For one case histological confirmation was missing but we could accept the diagnosis through other clinical sources.
Four cases were still alive and were interviewed and 17 were dead and were replaced by a close relative. Two controls per case were matched by age (±5 years) sex, vital status, and, if dead, year of death. Live controls were randomly selected from the Vigevano electoral roll which includes all residents aged over 18. Dead controls were extracted from mortality records, choosing the two nearest subjects with the appropriate matching characteristics and dead from non-cancer causes. All live controls were traced and interviewed. For seven of the 34 dead controls first selected, the relatives were untraceable. These seven controls were replaced by the next ones selected by the methods described above. Relatives of four of these replacements were located and interviewed; the other three whose relatives could not be traced, were not replaced. Two of us (AB and EM, occupational physicians) collected information on the occupational histories, and smoking habits of all the patients after a detailed and standardised scheme of interview. In most cases the relatives of the study subjects had also worked in shoe manufacturing; they thus provide detailed information about specific tasks; most had worked with the subjects under study.
The presence and intensity of exposure to leather dust and to several other potential risk factors (solvents, rubber, wood dust, polycyclic aromatic hydrocarbons, nickel, benzene) were evaluated blind by two of use (PF and RA, occupational physicians in the local occupational health service) on the basis of the recorded interviews. The exposure categories were: "-" for no exposure, "+" for uncertain or light exposure and " + + " for heavy exposure. The estimated level of exposure took into account the specific tasks, workplaces, duration, technology, and hygienic evaluation.
Statistical analyses of the data were based on the Mantel-Haenszel procedures for the calculation of p values and for estimation of overall odds ratio (OR).7 The 95% confidence limits of the OR (CL 95%) was computed according to Miettinen.8 -8-31-7) . This corresponded to a highly significant dose-response trend (p < 0-001). Table 4 shows the same distribution for adenocarcinomas only. The overall sex adjusted OR, comparing exposed and unexposed subjects, was 41-4 (CL 95% 7. 6-226.8) .
For the highest exposure the OR was 88-0 (CL 95% 12-1-642-0) and for the intermediate exposure, 20-4 (CL 95% 2-7-152-0). A much lower effect of exposure was observed for tumours other than adenocarcinomas (table 5). In this case the overall OR was 6-9 (CL 95% 1-4-34.4). The table includes one case not histologically verified and two cases for which the slides were not available for review. After exclusion of these cases (two exposed men and a woman not exposed) the difference is no longer statistically significant (OR = 0-6 with CL 95% 0-8-42-3). Table 6 shows the distribution ofcases and controls by exposure to solvents and to leather dust. The effect of leather is still evident having allowed for exposure to solvents (OR = 12-9 with CL 95% 1-6-104-4). There is no indication of any effect of the exposure to solvents. One must bear in mind, however, that the leather workers more exposed to solvents are usually less exposed to leather dust. Similar results were obtained when exposure to benzene was examined. No association was observed with rubber shoe production. No case and only two controls were exposed to wood dust. One case and one control were possibly exposed to nickel compounds. One case and one control were judged to have been heavily exposed to polycyclic aromatic hydrocarbons.
All the cases exposed to leather dust worked in the leather industry for 12 years or more. Two controls, by contrast, worked for only five and three years (table 7) .
Among men smoking habits were similar in cases (81-8% smokers) and controls (82-6%); only one woman, a control, was a smoker.
Discussion
The study shows a high risk of nasal cancer associated with exposure to leather dust, thus confirming previous observations."2 A clear dose-effect relation, which had only been suggested by the previous studies, was also observed. The effect was much stronger for adenocarcinomas; the results, however, indicate that the risk is increased also for other epithelial cancers. The association holds for both men and women; none of the women, however, was classifiable within a high (+ +) level of exposure, so that the OR for women is not significantly different from one. In our opinion it is unlikely that this result can be explained by selection bias. An effort was made to contact all the po §sible cases of nasal tumours developing among the residents within a defined period and the controls were drawn from a comparable source-the general population of the same area. On the causal association between exposure to leather dust and nasal cancer Recall bias also seems improbable since both cases and controls were matched by vital status. Although the interviewers were aware of the diagnosis, the interviewing scheme was detailed and standardised. Furthermore, it seems unlikely that any relevant exposure could have been missed since the leather manufacturing industry is the main economical activity of the area. There was no indication of a substantial confounding effect of exposure to solvents or of tobacco smoking.
It has been suggested recently that exposure to formaldehyde" and chlorophenol'2 may be associated with nasal cancer. There is no indication, however, that formaldehyde is present in leather shoe and boot manufacturing. Chlorophenols, on the other hand, are often used in tanning as preservative agents, but this has become common in Italy only since the 1960s. The highest proportion of cases occurred among workers exposed most heavily and for the longest time to leather dust in poor working conditions, after the introduction of machine and industrialisation into shoe making. Historically, this process was characterised by the spread of production sites, often poorly ventilated and located in small rooms, and by the extension of the daily working hours. The machines used were equipped with a suction system from the beginning of the industralisation process; the suction system was, at least -in 1920, applied directly to the trimming and scouring machines; the leather dust was then collected in bags and periodically removed. Despite the suction system, according to witnesses and documents, dust levels were high. Nevertheless, a high risk was not exclusively associated with heavy exposure.
Several epithelial tumours, particularly adenocarcinomas, occurred among those with trivial exposure to leather dust (table 7) : a warehouseman, who worked in several factories; two craftsmen, who made shoes by hand: a man employed for 19 years in a small leather tannery who worked also as a shaver; and three women performing only clicking operations or preparing and assembling the upper components of the shoes.
Unfortunately, we cannot determine when the rates of nasal cancer began to increase in this area, since the data are defective before 1968; hence the period chosen for our study. In the study we consider only cases who lived in Vigevano, whereas many people came to work in the shoe factories from other nearby municipalities.
Present epidemiological research in the shoe manufacturing industry does not show which specific causal agents are concerned; it has been suggested that the chemical substances introduced through the vegetable tanning process (used specifically for soles and heels, the only trimmed parts) could play a part.'3 In a recent study on a cohort of tanners one death from nasal cancer was observed compared with 0 21 expected among the men employed in making leather tanned by vegetable extracts.14 This suggestive hypothesis needs to be confirmed experimentally or by other epidemiological studies performed in tanneries or in industries manufacturing leather goods other than shoes.
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